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AUTOMATED FORM TESTING

BACKGROUND

Some guidelines and regulations, such as postal regula-
tions, require that electronic forms, such as USPS Form
#3553, have specific layouts and static content. Current soft-
ware applications often create finalized forms by merging
dynamic content by into form templates. In some instances, if
the software application is not properly designed, merging of
the dynamic content may affect the layout and/or static con-
tent of the finalized form in an undesirable manner. For
example, specific fields and/or static content may be dis-
placed from their intended location, such as where an unex-
pectedly long portion of dynamic content causes text areas
and static content to become displaced from its required or
intended location.

Testing of a software application with regard to finalized
forms creation often is performed by comparing an actual
result with a predicted outcome to confirm that the forms
generated by the software application comply with the layout
and static content requirements. Conventional testing meth-
ods often involve manual testing, such as human observation
that layout and static content of an actual result of a finalized
form remain in the same relative location for each of many
finalized forms.

BRIEF SUMMARY

Embodiments of the invention provide systems and tech-
niques for testing an automatically-generated form. In an
embodiment, an original representation of a form may be
obtained. A predicted result representation of the form may
then be generated, which includes a mask that masks aregion
of the form. An actual output representation of the form also
may be generated by a system configured to automatically
generate a version of the form or otherwise obtain such a
version. The predicted result representation of the form may
then be compared to the actual output representation of the
form, excluding each masked region. Based upon the com-
parison, an identification of an inconsistency, if any, between
the predicted result representation and the actual output rep-
resentation of the form may be provided.

Systems and techniques disclosed herein may allow for
automatically-generated forms to be efficiently and accu-
rately tested and modified. Additional features, advantages,
and embodiments of the disclosed subject matter may be set
forth or apparent from consideration of the following detailed
description, drawings, and claims. Moreover, it is to be under-
stood that both the foregoing summary and the following
detailed description are exemplary and are intended to pro-
vide further explanation without limiting the scope of the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, are incorpo-
rated in and constitute a part of this specification; illustrate
embodiments of the invention and together with the detailed
description serve to explain the principles of the invention.
No attempt is made to show structural details of the invention
in more detail than may be necessary for a fundamental
understanding of the invention and various ways in which it
may be practiced.
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FIG. 1 shows an example process for generating and testing
anautomatically created form according to an embodiment of
the invention.

FIG. 2 shows an example of an original form as disclosed
herein.

FIG. 3 shows an example of an automatically-generated
version of the form shown in FIG. 2.

FIG. 4 shows an example of the predicted output form
shown in FIG. 2 with a mask applied according to an embodi-
ment of the invention.

FIG. 5 shows an example computer system suitable for use
with embodiments of the invention.

DETAILED DESCRIPTION

Manual testing of automated forms typically is time and
resource intensive. While it is desirable to automate testing of
finalized forms, obstacles can interfere with automated final-
ized form testing. In some cases, form templates include
fields with dynamic content, such as a date and time when the
finalized form is generated, for example. Inclusion of such
dynamic content increases a difficulty associated with creat-
ing the predicted outcome in advance of generating the actual
result of the finalized form. Furthermore, while it may be
straightforward to extract static text from a native format of
the finalized form, it may be difficult to extract the layout of
the finalized form. Without being able to extract the layout,
automated testing cannot be performed.

Notably, many common and/or native formats are used for
automatically-generated forms because they provide readily
for convenient, flexible, and easily-merged data to create a
finalized form. However, such native formats typically
employ various types of data elements. Some of these various
data elements, such as the layout elements, for example, may
not be easily quantifiable with regard to their size and/or
location, and therefore may not be readily comparable
between a predicted form and actual finalized form. Thus, it
may be difficult to compare the output of an automatic form
generation system to the format required for the form to be
used or accepted in a specific context.

Embodiments of the present invention address these issues
by providing systems and techniques to allow for automated
testing of automatically-generated forms. In an embodiment,
a finalized form is converted to a raw image representation,
such as a bitmap. Other formats in addition to, or instead of,
a bitmap format may be used. More generally, a raw repre-
sentation format includes any format that allows for rapid
comparison of two items represented in the format, such as
for pixel-by-pixel comparison. Sections of a raw representa-
tion that are not fields or static content of a form may be
masked or otherwise ignored, to allow for more accurate
and/or efficient comparison with expected form arrange-
ments.

FIG. 1 shows an example process for generating and testing
anautomatically created form according to an embodiment of
the invention. At 110, an original representation of an actual
form result may be obtained. For example, the original rep-
resentation may be provided by an entity such as a regulatory
authority, corporate entity, or the like. Original representa-
tions may be provided in a native or original format such as
PDF. At 115, the original representation may be converted to
araw format, such as a bitmap. Alternatively, a raw represen-
tation may be created directly, such as based upon guidelines
or requirements of a regulation, a sample or reference form or
template, or other source of a form definition. Specific
examples of a reference form are provided in further detail
below. At 120, a mask may be applied to the raw representa-
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tion to generate a predicted result form. For example, a bit-
map of the form including the mask may be generated, such as
by converting from an original or native format such as PDF,
to a raw image format such as a bitmap. Alternatively or in
addition, a mask may be applied to the raw representation of
the original form. The mask may be applied to various parts of
the predicted result form, such as portions of the form that
contain or are designated to contain dynamic content. The
mask may include one or more sections that cover or replace
the selected portions of the form. For example, the mask may
include several rectangular regions that are filled with a
selected color. As another example, the mask may define
areas of the form that are to be ignored when performing an
accuracy comparison as described in further detail below.
Thus, a mask as described herein may or may not be human-
visible on the form when the form layout is being tested as
disclosed herein. The predicted result form also may be gen-
erated inclusive of the mask initially, instead of applying the
mask after generating the predicted result form and separately
applying the mask.

An actual output of the automated form may then be gen-
erated at 125. The specific output to be used may be selected
by a human, by an automated process, or the like. The actual
output form may be generated using the same process that
ultimately will be used to generate complete forms using
arbitrary dynamic content. For example, where a system is
designed to generate shipping labels using dynamic informa-
tion such as sender and recipient addresses, a set of represen-
tative sender and recipient addresses may be selected to gen-
erate the actual output form. In some cases, specific data may
be selected automatically or by hand to test specific cases,
such as where a particularly long last name is selected to test
layout of a “recipient name” field on the form.

At 130, the selected output form may be converted to a raw
format, such as a bitmap. Alternatively, the form output may
be generated directly in the raw format instead of first being
generated in an intermediate format, which typically is the
format that will be used for the completed forms outside of the
form testing context.

At 140, the masked predicted result form is compared to
the actual output form. Masked areas are trivially identified as
being the same, or are not compared. For example, if a visual
mask is used to identify a part of the forms that are not to be
compared, a comparison may always return an exact match.
As a specific example, if both forms are in a bitmap format,
the mask may include rectangular areas of a specific pre-
defined color in specific locations that are the same for each
form. When the forms are compared, these regions will nec-
essarily show as exact matches. Thus, only non-masked por-
tions of the forms may be identified as non-matches between
the forms. Alternatively or in addition, each masked portion
may not be compared. For example, the region or regions
defined by the mask may be omitted entirely from any com-
parison between the forms. Notably, the conversion of forms
to a format such as bitmap, which allows the insertion of
fixed, address and value-assigned visual elements to the
forms. This then allows for a pixel-by-pixel comparison of the
converted actual form to the masked predicted form result.

At 145, an identification of one or more inconsistencies
between the predicted result form and the actual output form
may be provided, such as to auser of the system. For example,
visible regions where boundaries, text, graphics, or other
components of the forms did not align may be provided. The
identification may include a visual representation of the form
with the inconsistent area highlighted, such as by outlining or
other visual cues. It also may include a text or other descrip-
tion of the inconsistency. Alternatively, if no inconsistencies
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are found, an indication that the forms are not inconsistent
may be provided. A threshold may be set to define what is
considered an inconsistency. For example, although embodi-
ments disclosed herein typically may perform pixel-by-pixel
comparisons and thus may be able to identify discrepancies as
small as a single pixel, in some cases there may be no need for
a form to be modified unless the inconsistency is visible at a
certain distance, resolution, scale, output form (e.g., print vs.
electronic), or the like. Thus, unless the inconsistency is
higher than the threshold, it may not be identified at 145. For
example, if a hard copy of the form is ultimately to be pro-
vided as a final output and differences less than 3 pixels will
not be visually apparent in the final output, inconsistencies of
1 or 2 pixels may not be identified. The process then may be
repeated as disclosed herein, such as by altering the process
used to generate the actual output form and subsequently
repeating some or all of steps 125-145, and/or other steps
disclosed herein.

Notably, many common and/or native formats such as PDF
do not allow for creation or addition of a mask as described in
here, such as to hide otherwise unpredictable dynamic con-
tent. This inability is addressed as disclosed herein by using
an intermediate format such as a bitmap format. Specifically,
by converting the original representation of an actual result to
such a format, the layout information may be preserved in a
manner that is amenable to a pixel-by-pixel comparison, thus
allowing for automated comparison of an expected form with
an actual output form. Thus, embodiments disclosed herein
may allow for comparison testing of a finalized form includ-
ing fields with static content and dynamic content. That is, the
effect of the dynamic content upon the fields and static con-
tent is also tested as a result of the transformations and com-
parison techniques disclosed herein. Further, in some
embodiments the process or system that generates the actual
output form may be automatically modified to address an
inconsistency identified during the comparison process dis-
closed herein. For example, a comparison may identify an
inconsistency in the placement of a graphic element of the
form, and may determine that the inconsistency includes a
shift up and to the right relative to the original form. A system
that generates the form may be automatically modified to
place the graphic element down and to the left relative to its
placement in an earlier version of the automatically-gener-
ated form, thus moving the element closer to the correct
location. After such a modification, whether performed auto-
matically or otherwise, the form generation and comparison
techniques previously described also may be repeated to
determine if the same inconsistency is present, whether a new
inconsistency has been introduced, or the like.

FIG. 2 shows an example of an original form. The form
may be provided initially in a native or original format, such
as PDF, and may be converted as disclosed herein to a raw
format such as a bitmap. The bitmap representation may
visually appear identical or essentially identical to the origi-
nal format. The form shown in FIG. 2 is a portion of the U.S.
Postal Service’s Form 3553 for ease of illustration; however,
it will be readily understood by one of skill in the art that any
suitable form may be used. Forms that may be generated
procedurally and automatically while still complying with
regulatory, internal, or other requirements for use of the form
may be particularly suited for use with the present invention,
though any form that may be processed as disclosed herein
also may be used.

FIG. 3 shows an example of an automatically-generated
version of the form shown in FIG. 2, in which a layout
element is placed inconsistently relative to the original form.
As shown, the dividing line 310 is offset from other lines with
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which it is aligned in the original form, and thus is considered
inconsistent. Such a mis-alignment may occur, for example,
when a system that generates the version of the form as shown
in FIG. 3 improperly allocates space for dynamic content
such as the “Company Name” field, due to an error in place-
ment during development of the form generation routine or
system, or the like.

FIG. 4 shows an example of the predicted output form
shown in FIG. 2 with a mask applied. Regions 405, 410, 415,
and 420 are covered by the mask and, therefore, will not be
compared to an actual result form generated from the original
form shown in FIG. 3. Notably, although a portion 405 of the
mask covers part of the mis-aligned dividing line, the incon-
sistency will still be noted upon comparison to the predicted
result form because the predicted result form will include the
original dividing line, which is absent from the original loca-
tion in the actual result form shown in FIG. 3.

Various embodiments may include or be embodied in the
form of computer-implemented processes and apparatuses
for practicing those processes. Embodiments also may be
embodied in the form of a computer program product having
computer program code containing instructions embodied in
tangible media, such as floppy diskettes, CD-ROMs, hard
drives, USB (universal serial bus) drives, or any other
machine readable storage medium, wherein, when the com-
puter program code is loaded into and executed by a com-
puter, the computer becomes an apparatus for practicing the
invention. Embodiments also may be embodied in the form of
computer program code, for example, whether stored in a
storage medium, loaded into and/or executed by a computer,
or transmitted over some transmission medium, such as over
electrical wiring or cabling, through fiber optics, or via elec-
tromagnetic radiation, wherein when the computer program
code is loaded into and executed by a computer, the computer
becomes an apparatus for practicing the invention. When
implemented on a general-purpose microprocessor, the com-
puter program code segments configure the microprocessor
to create specific logic circuits. In some configurations, a set
of computer-readable instructions stored on a computer-read-
able storage medium may be implemented by a general-
purpose processor, which may transform the general-purpose
processor or a device containing the general-purpose proces-
sor into a special-purpose device configured to implement or
carry out the instructions. Embodiments may be implemented
using hardware that may include a processor, such as a gen-
eral purpose microprocessor and/or an Application Specific
Integrated Circuit (ASIC) that embodies all or part of the
method in accordance with the present invention in hardware
and/or firmware. The processor may be coupled to memory,
such as RAM, ROM, flash memory, a hard disk or any other
device capable of storing electronic information. The
memory may store instructions adapted to be executed by the
processor to perform the method in accordance with an
embodiment of the present invention.

FIG. 5 shows a schematic representation of an example
computer 40 suitable for implementing embodiments of the
invention. The computer 40 includes a bus 41 which connects
major components of the computer 20, such as a processor 44,
one or more memory and/or storage components 43 such as
RAM, ROM, flash RAM, hard drive, flash drive, network-
attached storage interface, or the like, user input/output com-
ponents such as an I/O controller, keyboard, touchscreen, or
the like, an a communication interface 45 such as an Ethernet,
WiF1i, Internet, local network, wide area network, or similar
connection.

The bus 41 allows data communication between the pro-
cessor 44 and the storage/memory 43. The storage and/or
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6

memory generally includes the main memory into which an
operating system and application programs are loaded. The
storage also can contain, among other code, software which
controls basic hardware operation of the system, such as
interactions with peripheral components. Applications resi-
dent with the computer 20 are generally stored on and
accessed via the storage 43. The storage 23 may be integral
with the computer 40, or may be separate and accessed
through other interfaces. The communication interface 45
may provide a direct connection to one or more remote com-
puter systems via, for example, the Internet and/or wireless
techniques such as WiFi, cellular connections, or the like. For
example, the communication interface 45 may allow the com-
puter to communicate with other computers via one or more
local, wide-area, or other networks, such as illustrated in FIG.
5.

Many other devices or components (not shown) may be
connected to the computer 40 in a similar manner (e.g., docu-
ment scanners, digital cameras and so on). Additional com-
ponents may be included in the computer system 40 as will be
understood by one of skill in the art; conversely, all of the
components shown in FIG. 5 need not be present to practice
the invention. The components can be interconnected in dif-
ferent ways from that shown. The operation of a computer
such as that shown in FIG. 5 is readily known in the art and is
not discussed in detail in this application.

The foregoing description, for purpose of explanation, has
been described with reference to specific embodiments. How-
ever, the illustrative discussions above are not intended to be
exhaustive or to limit the invention to the precise forms dis-
closed. Many modifications and variations are possible in
view of the above teachings. The embodiments were chosen
and described in order to best explain the principles of the
invention and its practical applications, to thereby enable
others skilled in the art to best utilize the invention and vari-
ous embodiments with various modifications as may be
suited to the particular use contemplated.

The invention claimed is:
1. A computer-implemented method comprising:
obtaining an original representation of a form;
generating a predicted result representation of the form, the
predicted result representation including a first mask
that masks at least one region of the form;
obtaining an actual output representation of the form, the
actual output representation being generated by a system
configured to generate a version of the form automati-
cally;
comparing the predicted result representation of the form
to the actual output representation of the form excluding
each masked region;
based upon the comparison, providing an identification of
at least one inconsistency between the predicted result
representation and the actual output representation of
the form; and
generating an actual output representation to remove the
inconsistency.
2. The method of claim 1, wherein the step of generating
the predicted result representation of the form comprises:
generating a raw version of the original representation of
the form; and
applying the first mask to the raw version.
3. The method of claim 2, wherein the raw representation is
a bitmap.
4. The method of claim 2, wherein the mask identifies a
portion of the predicted result representation of the form
designed to receive dynamic data.
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5. The method of claim 1, wherein the step of generating
the actual output representation of the form comprises:

generating a raw version of the actual output representa-

tion.

6. The method of claim 5, wherein the raw version is a
bitmap.

7. The method of claim 5, wherein the mask identifies a
portion of the predicted result representation of the form that
is not compared with the actual output representation of the
form.

8. The method of claim 1, further comprising automatically
revising an algorithm designed to generate the actual output
representation to remove the inconsistency.

9. A system comprising:

a computer-readable storage storing an original represen-
tation of a form;

a processor configured to:

generate a predicted result representation of the form,
the predicted result representation including a first
mask that masks at least one region of the form;

obtain an actual output representation of the form, the
actual output representation being generated by a sys-
tem configured to generate a version of the form auto-
matically;

compare the predicted result representation of the form
to the actual output representation of the form exclud-
ing each masked region;
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based upon the comparison, provide an identification of
atleast one inconsistency between the predicted result
representation and the actual output representation of
the form; and

generate an actual output representation to remove the
inconsistency.

10. The system of claim 9, wherein the step of generating
the predicted result representation of the form comprises:

generating a raw version of the original representation of

the form; and

applying the first mask to the raw version.

11. The system of claim 10, wherein the raw representation
is a bitmap.

12. The system of claim 10, wherein the mask identifies a
portion of the predicted result representation of the form
designed to receive dynamic data.

13. The system of claim 9, wherein the step of generating
the actual output representation of the form comprises:

generating a raw version of the actual output representa-

tion.

14. The system of claim 13, wherein the raw version is a
bitmap.

15. The system of claim 13, wherein the mask identifies a
portion of the predicted result representation of the form that
is not compared with the actual output representation of the
form.

16. The system of claim 9, said processor further config-
ured to revise an algorithm designed to generate the actual
output representation to remove the inconsistency.
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